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Wavelength of light source [nm] 780 650 405
Numerical aperture of objective lens 0.45 0.60 0.85
Capacity for single layer [GB] 0.7 4.7 25





??????? TB?Terabyte??????????? Mbps?Megabit per second??
???????????????????????????????????????
??????????????????????????????????????
???? Gbps?Gigabit per second???????????????????????
??????????
????????????????? Table 1.1???????Compact Disc?CD??
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0.85????????????????????????????????????
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Fig. 2.1 ??????????????; (a)???; (b)???
Fig. 2.2 ?????????????????????????????????


















































A-SLM????????????? p(x; y)????????? r(x; y)?P-SLM??
???????????? ain(x; y)????????? aref(x; y)?????A-SLM?
P-SLM????????????????? u(x; y)?
u(x; y) = p(x; y)expfiain(x; y)g + r(x; y)expfiaref(x; y)g
= p(x; y)expfiain(x; y)g + h(x; y) (2.2)
????????r(x; y)?aref(x; y)?????????





I(; ) = jF [u(x; y)]j2
= jP(; ) 
 A(; ) + H(; )j2
= jP(; ) 
 A(; )j2 + jH(; )j2 + fP(; ) 
 A(; )gH(; )
+ fP(; ) 
 A(; )gH(; )
(2.4)
????????F [ ]? Fourier??????
?????????????????





I(; )H0(; ) = jP(; ) 
 A(; )j2H0(; ) + jH(; )j2H0(; )
+ fP(; ) 
 A(; )gH(; )H0(; )
+ fP(; ) 
 A(; )gH(; )H0(; )
(2.5)
????????????H0(; )? h0(x; y)????????????(2.5)????
4??????????????????????? Fourier?????
F  1[fP(; ) 
 A(; )gH(; )H0(; )] = p(x; y)expfiaref(x; y)g 
 h(x; y) ? h0(x; y)
(2.6)
????????F  1[ ]?? Fourier??????????????????????































































fjFFT[h(x; y)]j   Cr(; )g2 (2.8)




????????????? ????????????? [0, 2) ????????
??????????????????????????????????????
???? P-SLM???????? 256???8 bit????????????????
???Fig. 2.7????????????????????????????????
???????????????? Fig. 2.8???????????? E0 ? (2.8)?




























Change phase value of nth pixel
in random order
Calculate value of evaluation 
function






Return back to previous condition













Go for the next pixel
Update p
Fig. 2.8 ?????????????????????



































????????????? 256  256????? 2????????? Fig. 2.6??
??????????????????????????????????????
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Table 2.1 ????????????????????? 2?????????
Proposed Conventional
Gray scale level 2 32 64 128 256 2
Light use eciency 0.73 0.81 0.81 0.82 0.82 0.87
Coecient of variation 0.53 0.50 0.49 0.51 0.49 2.79
– 26 –
2.4 ????????????????
?????????????????????????????? 128  128???
?? 32????????? Fig. 2.9??????????????????????
???????????? Fig. 2.13????????? Fig. 2.14????????
30?????????????????????????????????????
??????????????????????????????????????










































Light use eciency 0.95 0.89





Fig. 2.15????????????????????????????? Fig. 2.16?
??????????????????????????????????????
?????????????????????????? Fig. 2.11 (a)?Fig. 2.13 (a)?
























???SER : Symbol Error Rate????????SNR??????????????
?????????????????????











Wavelength of light source 532 nm
Number of calculation pixels 512512
Pixel size of SLM 20 m
Focal length of objective lens 50 mm
Thickness of medium 400 m
Resolution in depth direction 4 m
Refractive index of medium 1.50



















Fig. 2.18????????????????????????A-SLM?? Fig. 2.16 (a)
?????????P-SLM ?? Fig. 2.16 (b) ?????????????????
??????????????????????????????????????





















Wavelength of light source 532 nm
Number of pixels of A-SLM 800600
Pixel size of A-SLM 32 m
Number of pixels of P-SLM 792600
Pixel size of P-SLM 20 m
Number of pixels of CCD camera 1280960
Pixel size of CCD camera 4.65 m
400 mm? Lens2????? 250 mm? Lens3?????????????????
????????????Aperture1? A-SLM?????????????????
???????Aperture2???????????????????????????
???????????? 135 mm? Lens4??????????????????
??????? Lens5????????????????????????????
??????????????????????????????????????
????????? 200 m????? 1.52?????????? 0.08??????
???????
??????????????????Fig. 2.19 (a) ?????????????
????? SNR? 1.31???????????????????????????
??????????????????????????????????????














































































????????????????????????????Fig. 3.1 (b)? Nyquist





















5.01 4.29 3.51 3.22
φ :
SNR :






















fjFFT[pn(x; y)expfia(x; y)g]j   Cn(; )g2 (3.1)
– 35 –
? 3? ????????????????????????????????







??????? Nyquist??? 2???????? 2W ?????????????
??????????????????????????????????????
??????????????????????????????????????
pn(x, y) : Page data which only have one ON cell
a(x, y) : Input phase mask
1st 2nd 3rd n th 64th
??? ???















Spatial bandwidth 2W 1.5W 2W 1.5W
Light use eciency 0.72 0.77 0.63 0.58
Coecient of variation 1.00 1.25 0.96 0.92
??????????????????????????????????????
???????????????????????????????Table 3.1???


























(k, l) (k+1, l)(k−1, l)
(k, l−1)
(k, l+1)
(k−1, l−1) (k+1, l−1)








(k, l)α (k−1, l−1)α− |Φ>|
(k, l)α (k, l−1)α− |Φ>|
(k, l)α (k+1, l−1)α− |Φ>|










Fig. 3.6  = (a) =2, (b) , (c) 3=2???????????????
? 128  128????? 32????????? ????????????????
??????????????????????????????????????
??????????????????????????????????????




















???????????? Table 3.2???? = =2, , 3=2??????????
????????????????????????????????? Fig. 3.8?
???Fig. 3.8 (a)?(b)?(c)? SNR????? 1.61?1.55?1.47?????????
???????? ?????????????????????????????
Table 3.2 ????????????????????
Number of calculation pixels 512512
Mesh size of SLM 20 m
Wavelength of light source 532 nm
Focal length of objective lens 50 mm
Thickness of medium 400 m
Resolution in depth direction 4 m
Refractive index of medium 1.50
















??  = ?????????????????????????????????
???????????????? ? ???????????????????
???????????????????????????????????????

















Acceptable phase difference [rad]



























pi/4 pi/2 3pi/4 pi 5pi/4 3pi/2 7pi/4 2pi
























































L(x; y) =   k2 f (x
2 + y2) (4.1)
































R(x; y)FTn(x; y) = IFFT[FFT[R(x; y)]FFT[Tn(x; y)]]; (4.2)
??????? [98]?????R(x; y)?Tn(x; y)???????????n?? (1  n  9)




































?????????????????????? Fig. 4.4??? 9????????








Fig. 4.5 (a)??????????????; (b)????
– 47 –
? 4? ????????????????????????????

















0  r  1; (4.4)
0   < 2 (4.5)
?????(4.3)??? Zi(r; )? Zernike???????????
Zi(r; ) =
( p
2(n + 1)Rmn (r)Gm() (m , n)p























cos(m) i even (4.8)






Table 4.1 ?????????? Zernike????
n m Zi(r; ) ???????
0 0 1 ????













8(3r3   2r) sin  ????
1
p
































Wavelength of light source 632.8 nm
Number of pixels of P-SLM 792600
Pixel size of P-SLM 20 m
Number of pixels of image sensor 1280960
Pixel size of image sensor 4.65 m
Size of a microhologram 640 m
Focal length of a microhologram 30 mm
??????????????????????????????????????
??????????????????????????????????????
??????????????? 32  32???????????????????
???????????????????? P-SLM ??????????????























Fig. 4.7 ?????????????????; (a)????; (b)???
(a) (b)





Fig. 4.9 ?????????? (a)???????? (b)???????
??????????
(a) (b)
















Wavelength of light source 632.8 nm
Number of pixels of P-SLM 10241024
Pixel size of P-SLM 20 m
Number of pixels of image sensor 40964096
Pixel size of image sensor 5 m
Size of a microhologram 640 m


























??????????????????????? Fig. 4.16?Fig. 4.17??????
??????????????????????????????????????



















































































































Fig. 4.16 ???????????????? (a)???????? (b)?
???????????????????
(a) (b)





Fig. 4.18 ???????????????? (a)???????? (b)?
?????????????????
(a) (b)





















































































gl(x; y) = jo(x; y)jexpfipl(x; y)g (5.1)
– 61 –
? 5? 2?????????????????????????????????
Object plane Hologram plane
( ) ( ) ( ){ }yxpiyxoyxg ll ,exp,, = ( ) ( ) ( ){ }YXiYXuYXu lll ,exp,, θ=






( )YXl ,θ ( )YXlB ,θ
( )yxg l ,1+ ( )yxo ,
Replace
Reconstructed complex amplitude Complex amplitude on P-SLM
Fig. 5.1 2?????????????
??????????????? p0(x; y)???????????????gl(x; y)?
???????? Fresnel?????????????????????




















 jl(X;Y)j   (5.4)
???? 2???????????? l???????????? 2???????
???????????????? P-SLM ??????????????????
?????????????????


















??? Fig. 5.4 ??????????????????????????????
??????????????????????????????????????
??????????????????????????????????????


























































????????? CCD?????????????? Table 5.1????????
????????????? 1?10?30?50???????? 2?????????





















Wavelength of light source 632.8 nm
Number of pixels of P-SLM 19201080













































































































[3] Y. Shechtman, S. Gazit, A. Szameit, Y. C. Eldar, and M. Segev, “Super-resolution
and reconstruction of sparse images carried by incoherent light,” Opt. Lett. 35,
1148–1150 (2010).
[4] M. Imbe and T. Nomura, “Single-exposure phase-shifting digital holography using
a random-complex-amplitude encoded reference beam,” Appl. Opt. 52, A161–A166
(2013).
[5] N. Sanner, N.Huot, E. Audouard, C. Larat, J.-P. Huignard, and B. Loiseaux, “Pro-
grammable focal spot shaping of amplified femtosecond laser pulses,” Opt. Lett. 30,
1479–1481 (2005).
[6] S. Hasegawa and Y. Hayasaki, “Holographic Vector Wave Femtosecond Laser Pro-
cessing,” Int. J. Optomechatron. 8, 73–88 (2014).
[7] W. M. Lee, X.-C. Yuan, and D. Y. Tang, “Optical tweezers with multiple optical
forces using double-hologram interference,” Opt. Express 11, 199–207 (2003).
[8] E. Schonbrun, R. Piestun, P. Jordan, J. Cooper, K. D Wul, J. Courtial, and
M. Padgett, “3D interferometric optical tweezers using a single spatial light mod-
ulator,” Opt. Express 13, 3777–3786 (2005).
[9] G. Li, N. Bai, N. Zhao, and C. Xia, “Space-division multiplexing: the next frontier
in optical communication,” Adv. Opt. Photon. 6, 413–487 (2014).
[10] S. Ohtaki, N. Murao, M. Ogasawara, and M. Iwasaki, “The Applications of a Liquid
Crystal Panel for the 15 Gbyte Optical Disk Systems,” Jpn. J. Appl. Phys. 38, 1744–
1749 (1999).
[11] Y. Awatsuji, M. Sasada, and T. Kubota, “Parallel quasi-phase-shifting digital holog-
raphy,” Appl. Phys. Lett. 85, 1069–1071 (2004).
[12] J. Geng, “Three-dimensional display technologies,” Adv. Opt. Photon. 5, 456–535
(2013).
[13] Y. Mori and T. Nomura, “Shortening method for optical reconstruction distance in
digital holographic display with phase hologram,” Opt. Eng. 52, 123101 (2013).
[14] “ICT ????????????????,” ??? ?? 27 ?? ??????,
pp. 292–325 (2015).
[15] J. Gantz and D. Reinsel, “The Digital Universe in 2020: Big Data, Bigger Digital
– 72 –
Shadows, and Biggest Growth in the Far East,” Framingham, MA: IDC; 2012.
[16] ????, “????????????????????????,” ?????
????????? 38, pp. 37–42 (2014).
[17] “??????????????????,” ??? ?? 25 ?? ??????,
pp. 143–179 (2013).
[18] ????, “?????????????????,” ??????????? 67,
pp. 248–255 (2013).
[19] T. Schlesinger, B. Krogh, and T. Chen, “Applications for Fourth Generation Optical
Storage,” Jpn. J. Appl. Phys. 48, 03A002 (2009).
[20] E. Hecht, OPTICS, Addison Wesley, San Francisco, 2002.
[21] ????,??,??????, 1979.
[22] ????, “???????????????,” ??????????? CREST
??????? (2006).
[23] “??????????,”??????????, No. 1108, pp. 53–61 (2013).
[24] “?????????????,” ??????????, No. 1134, pp. 16–17
(2014).
[25] S. M. Mansfield, W. R. Studenmund, G. S. Kino, and K. Osato, “High-numerical-
aperture lens system for optical storage,” Opt. Lett. 18, 305–307 (1993).
[26] ????, “???????? Super-RENS????????????????,”
????????? 89, pp. 1000–1008 (2006).
[27] D. A. Parthenopoulos and P. M. Rentzepis, “Three-Dimensional Optical Storage
Memory,” Science 245, 843–845 (1989).
[28] P. J. v. Heerden, “Theory of Optical Information Storage in Solids,” Appl. Opt. 2,
393–400 (1963).
[29] E. N. Leith, A. Kozma, J. Upatnieks, J. Marks, and N. Massey, “Holographic Data
Storage in Three-Dimensional Media,” Appl. Opt. 5, 1303–1311 (1966).
[30] ??? [??], “??????????????,”??????????????
??????,????????, 2006.
[31] M. Takabayashi and A. Okamoto, “Self-referential holography and its applications
to data storage and phase-to-intensity conversion,” Opt. Express 21, 3669–3681
(2013).
[32] H. Horimai, X. Tan, and J. Li, “Collinear holography,” Appl. Opt. 44, 2575–2579
(2005).
[33] K. Tanaka, M. Hara, K. Tokuyama, K. Hirooka, K. Ishioka, A. Fukumoto, and
– 73 –
K. Watanabe, “Improved performance in coaxial holographic data recording,” Opt.
Express 15, 16196–16209 (2007).
[34] K. Nishimoto, F. Naito, and M. Yamamoto, “Soft-Decision Viterbi Decording for
2/4 Modulation Code in Holographic Memory,” Jpn. J. Appl. Phys. 45, 4102–4106
(2006).
[35] B. M. King and M. A. Neifeld, “Sparse modulation coding for increased capacity in
volume holographic storage,” Appl. Opt. 39, 6681–6688 (2000).
[36] T. Shimura, S. Ichimura, R. Fujimura, and K. Kuroda, “Analysis of a collinear holo-
graphic storage system: introduction of pixel spread function,” Opt. Lett. 31, 1208–
1210 (2006).
[37] S. Calixto, “Dry polymer for holographic recording,” Appl. Opt. 26, 3904–3910
(1987).
[38] A. Agranat and Y. Yacoby, “Dielectric photorefractive crystals as the storage
medium in holographic memory systems,” J. Opt. Soc. Am. B 5, 1792–1799 (1988).
[39] P. Yeh, ???????????????, ????????? [?], ?????
?, 1995.
[40] F. H. Mok, “Angle-multiplexed storage of 5000 holograms in lithium niobate,” Opt.
Lett. 18, 915–917 (1993).
[41] G. A. Rakuljic, V. Leyva, and A. Yariv, “Optical data storage by using orthogonal
wavelength-multiplexed volume holograms,” Opt. Lett. 17, 1471–1473 (1992).
[42] V. B. Markov, Y. N. Denisyuk, and R. Amezquita, “3-D Speckle-Shift Hologram
and Its Storage Capacity,” Opt. Mem. Neur. Net. 6, 91–98 (1997).
[43] D. Psaltis, M. Levene, A. Pu, G. Barbastathis, and K. Curtis, “Holographic storage
using shift multiplexing,” Opt. Lett. 20, 782–784 (1995).
[44] T. Nomura, S. Mikan, Y. Morimoto, and B. Javidi, “Secure optical data storage with
random phase key codes by use of a configuration of a joint transform correlator,”
Appl. Opt. 42, 1508–1514 (2003).
[45] E. Watanabe and K. Kodate, “Optical Correlator for Face Recognition Using
Collinear Holographic System,” Jpn. J. Appl. Phys. 45, 6759–6761 (2006).
[46] H. Itoh, N. Matsumoto, and T. Inoue, “Spherical aberration correction suitable for a
wavefront controller,” Opt. Express 17, 14367–14373 (2009).
[47] R. Foy and A. Labeyrie, “Feasibility of adaptive telescope with laser probe,” Astron.
Astrophys. 152, L29–L31 (1985).
[48] N. Hubin and L. Noethe, “Active Optics, Adaptive Optics, and Laser Guide Stars,”
– 74 –
Science 262, 1390–1394 (1993).
[49] J. Liang, D. R. Williams, and D. T. Miller, “Supernormal vision and high-resolution
retinal imaging through adaptive optics,” J. Opt. Soc. Am. A 14, 2884–2892 (1997).
[50] H. Hofer, L. Chen, G. Y. Yoon, B. Singer, Y. Yamauchi, and D. R. Williams, “Im-
provement in retinal image quality with dynamic correction of the eye’s aberrations,”
Opt. Express 8, 631–643 (2001).
[51] A. Roorda, F. R.-Borja, W. J. Donnelly III, H. Queener, T. J. Hebert, and
M. C.W. Campbell, “Adaptive optics scanning laser ophthalmoscopy,” Opt. Express
10, 405–412 (2002).
[52] Y. Zhang, J. Rha, R. S. Jonnal, and D. T. Miller, “Adaptive optics parallel spectral
domain optical coherence tomography for imaging the living retina,” Opt. Express
13, 4792–4811 (2005).
[53] R. K. Tyson, “Bit-error rate for free-space adaptive optics laser communications,” J.
Opt. Soc. Am. A 19, 753–758 (2002).
[54] R. K. Tyson and D. E. Canning, “Indirect measurement of a laser communications
bit-error-rate reduction with low-order adaptive optics,” Appl. Opt. 42, 4239–4243
(2003).
[55] H. Takami, N. Takato, Y. Hayano, M. Iye, S. Oya, Y. Kamata, T. Kanzawa,
Y. Minowa, M. Otsubo, K. Nakashima, W. Gaessler, and D. S.-Jacques, “Perfor-
mance of Subaru Cassegrain Adaptive Optics System,” Publ. Astron. Soc. Japan 56,
225–234 (2004).
[56] B. C. Platt and R. Shack, “History and Principles of Shack-Hartmann Wavefront
Sensing,” J. Refract. Surg. 17, S573–S577 (2001).
[57] R. Bu¨nnagel, H.-A. Oehring, and K. Steiner, “Fizeau Interferometer for Measuring
the Flatness of Optical Surfaces,” Appl. Opt. 7, 331–335 (1968).
[58] M. A. Abdulkadyrov, A. P. Semenov, Y. A. Sharov, N. V. Baryshnikov,
D. G. Denisov, I. V. Zhivotovski˘i, and V. E. Karasik, “An unequal-arm Twyman-
Green IR interferometer for monitoring the shape and quality of the surface of large
optical items at the grinding stage,” J. Opt. Technol. 77, 621–627 (2010).
[59] L. Seifert, J. Liesener, and H. J. Tiziani, “Adaptive Shack-Hartmann sensor,” Proc.
SPIE 5144, 250–258 (2003).
[60] R. J. Noll, “Zernike polynomials and atmospheric turbulence,” J. Opt. Soc. Am. 66,
207–211 (1976).
[61] J. Y. Wang and D. E. Silva, “Wave-front interpretation with Zernike polynomials,”
– 75 –
Appl. Opt. 19, 1510–1518 (1980).
[62] J. D. Schmidt, “Zernike circle plynomials”, Numerical Simulation of Optical Wave
Propagation with examples in MATLAB, SPIE PRESS, Washington, 2010, pp. 66–
72.
[63] N. Lindlein, J. Pfund, and J. Schwider, “Algorithm for expanding the dynamic range
of a Shack-Hartmann sensor by using a spatial light modulator array,” Opt. Eng. 40,
837–840 (2001).
[64] G. Yoon, S. Pantanelli, and L. J. Nagy, “Large-dynamic-range Shack-Hartmann
wavefront sensor for highly aberrated eyes,” J. Biomed. Opt. 11, 030502 (2006).
[65] M. Xia, C. Li, L. Hu, Z. Cao, Q. Mu, and L. Xuan, “Shack-Hartmann wavefront
sensor with large dynamic range,” J. Biomed. Opt. 15, 026009 (2010).
[66] J. Pfund, N. Lindlein, and J. Schwider, “Dynamic range expansion of a Shack-
Hartmann sensor by use of a modified unwrapping algorithm,” Opt. Lett. 23, 995–
997 (1998).
[67] S. Groening, B. Sick, K. Donner, J. Pfund, N. Lindlein, and J. Schwider, “Wave-
front reconstruction with a Shack-Hartmann sensor with an iterative spline fitting
method,” Appl. Opt. 39, 561–567 (2000).
[68] J. Lee, R. V. Shack, and M. R. Descour, “Sorting method to extend the dynamic
range of the Shack-Hartmann wave-front sensor,” Appl. Opt. 44, 4838–4845 (2005).
[69] P. Bedggood and A. Metha, “Comparison of sorting algorithms to increase the range
of Hartmann-Shack aberrometry,” J. Biomed. Opt. 15, 067004 (2010).
[70] N. Lindlein, J. Pfund, and J. Schwider, “Expansion of the dynamic range of a Shack-
Hartmann sensor by using astigmatic microlenses,” Opt. Eng. 39, 2220–2225 (2000).
[71] N. Lindlein and J. Pfund, “Experimental results for expanding the dynamic range
of a Shack-Hartmann sensor using astigmatic microlenses,” Opt. Eng. 41, 529–533
(2002).
[72] ?? ?, “3D ???????????? –3D ??????????????
??–,” ????????? –?????????????–, ???? ???
??????, 2008, pp. 88–94.
[73] G. Lippmann, “ ´Epreuves re´versibles donnant la sensation du relief,” J. Phys. Theor.
Appl. 7, 821–825 (1908).
[74] X. Xiao, B. Javidi, M. M.-Corral, and A. Stern, “Advances in three-dimensional in-
tegral imaging: sensing, display, and applications,” Appl. Opt. 52, 546–560 (2013).
[75] M. L. Huebschman, B. Munjuluri, and H. R. Garner, “Dynamic holographic 3-D
– 76 –
image projection,” Opt. Express 11, 437–445 (2003).
[76] O. Matoba, K. Hosoi, K. Nitta, and T. Yoshimura, “Fast acquisition system for digital
holograms and image processing for three-dimensional display with data manipula-
tion,” Appl. Opt. 45, 8945–8950 (2006).
[77] Y. Mori and T. Nomura, “Synthesis method from low-coherence digital holograms
for improvement of image quality in holographic display,” Appl. Opt. 52, 3838–3844
(2013).
[78] Y. Mori and T. Nomura, “Speckle reduction in hologram generation based on spher-
ical waves synthesis using low-coherence digital holography,” J. Display Technol.
11, 867–872 (2015).
[79] J. Amano, H. Miura, and T. Sonehara, “Speckle-noise reduction on kinoform re-
construction using a phase-only spatial light modulator,” Appl. Opt. 34, 3165–3171
(1995).
[80] Y. Mori, T. Fukuoka, and T. Nomura, “Speckle reduction in holographic projec-
tion by random pixel separation with time multiplexing,” Appl. Opt. 53, 8182–8188
(2014).
[81] Y. Saita, T. Nomura, E. Nitanai, and T. Numata, “Design of Reference Pattern and In-
put Phase Mask for Coaxial Holographic Memory,” Jpn. J. Appl. Phys. 50, 09ME03
(2011).
[82] V. Vadde, B. V. K. V. Kumar, G. W. Burr, H. Coufal, J. A. Honagle, and
C. M. Jeerson, “A Figure-of-merit for the Optical Aperture used in Digital Volume
Holographic Data Storage,” Proc. SPIE 3401, 194–200 (1998).
[83] F. Wyrowski, “Diractive optical elements: iterative calculation of quantized, blazed
phase structures,” J. Opt. Soc. Am. A 7, 961–969 (1990).
[84] A. W. Lohmann and D. P. Paris, “Binary Fraunhofer Holograms, Generated by Com-
puter,” Appl. Opt. 6, 1739–1748 (1967).
[85] F. Wyrowski and O. Bryngdahl, “Iterative Fourier-transform algorithm applied to
computer holography,” J. Opt. Soc. Am. A 5, 1058–1065 (1988).
[86] M. S. Kim, M. R. Feldman, and C. C. Guest, “Optimum encoding of binary phase-
only filters with a simulated annealing algorithm,” Opt. Lett. 14, 545–547 (1989).
[87] N. Yoshikawa, M. Itoh, and T. Yatagai, “Quantized phase optimization of two-
dimensional Fourier kinoforms by a genetic algorithm,” Opt. Lett. 20, 752–754
(1995).
[88] T. Nobukawa and T. Nomura, “Design of high-resolution and multilevel reference
– 77 –
pattern for improvement of both light utilization eciency and signal-to-noise ratio
in coaxial holographic data storage,” Appl. Opt. 53, 3773–3781 (2014).
[89] S. R. Lambourdiere, A. Fukumoto, K. Tanaka, and K. Watanabe, “Simulation of
Holographic Data Storage for the Optical Collinear System,” Jpn. J. Appl. Phys. 45,
1246–1252 (2006).
[90] H. Horimai and X. Tan, “Collinear technology for a holographic versatile disk,”
Appl. Opt. 45, 910–914 (2006).
[91] E. Hwang, P. Yoon, K. Kim, J. Park, and J. Lee, “Iterative Volumetric ECC Schemes
for Holographic Data Storage,” Proc. SPIE 5380, 304–312 (2004).
[92] ????,???,????? CUDA???????,???, 2009.
[93] N. Masuda, T. Itoh, T. Tanaka, A. Shiraki, and T. Sugie, “Computer generated holog-
raphy using a graphics processing unit,” Opt. Express 14, 603–608 (2006).
[94] Y. Saita and T. Nomura, “Design method of input phase mask to improve light use
eciency and reconstructed image quality for holographic memory,” Appl. Opt. 53,
4136–4140 (2014).
[95] Y. Saita, H. Shinto, and T. Nomura, “Holographic Shack-Hartmann wavefront sensor
based on correlation peak displacement detection method for wavefront sensing with
large dynamic range,” Optica 2, 411–415 (2015).
[96] J. Rha and M. K. Giles, “Implementation of an adaptive Shack-Hartmann sensor
using a phase-modulated liquid crystal spatial light modulator,” Proc. SPIE 4493,
80–87 (2002).
[97] ????, “???????,” ?????????, ???? [?], ???? ??
????????, 2004, pp. 202–207.
[98] ????, “????,”?????????????????,???? [?],??
????, 2009, pp. 99–108.
[99] S. Thomas, T. Fusco, A. Tokovinin, M. Nicolle, V. Michau, and G. Rousset, “Com-
parison of centroid computation algorithms in a Shack-Hartmann sensor,” Mon. Not.
R. Astron. Soc. 371, 323–336 (2006).
[100] R. B. Wayth, L. J. Greenhill, and F. H. Briggs, “A GPU-based Real-time Software
Correlation System for the Murchison Widefield Array Prototype,” Publ. Astron.
Soc. Pac. 121, 857–865 (2009).
[101] D. G. Smith and J. E. Greivenkamp, “Generalized method for sorting Shack-
Hartmann spot patterns using local similarity,” Appl. Opt. 47, 4548–4554 (2008).
[102] ????, ????, ????, “?????????????????????
– 78 –
????????????? Shack-Hartmann?????????????,”?
62???????????????????, p. 04-452 (2015).
[103] K. Masuda, Y. Saita, R. Toritani, P. Xia, K. Nitta, and O. Matoba, “Improvement
of Image Quality of 3D Display by using Optimized Binary Phase Modulation and
Intensity Accumulation,” J. Display Technol. (2015) (in press).
[104] R. G. Dorsch, A. W. Lohmann, and S. Sinzinger, “Fresnel ping-pong algorithm for






































1) Y. Saita, T. Nomura, E. Nitanai, and T. Numata, “Design of Reference Pattern and
Input Phase Mask for Coaxial Holographic Memory,” Jpn. J. Appl. Phys. 50,
09ME03 (2011).
2) Y. Saita and T. Nomura, “Design method of input phase mask to improve light use
eciency and reconstructed image quality for holographic memory,” Appl. Opt.
53, 4136–4140 (2014).
3) Y. Saita, H. Shinto, and T. Nomura, “Holographic Shack-Hartmann wavefront sen-
sor based on correlation peak displacement detection method for wavefront sensing
with large dynamic range,” Optica 2, 411–415 (2015).
4) K. Masuda, Y. Saita, R. Toritani, P. Xia, K. Nitta, and O. Matoba, “Improvement
of Image Quality of 3D Display by using Optimized Binary Phase Modulation and
Intensity Accumulation,” J. Display Technol. (2015) (in press).
??????????
1) Y. Saita, T. Nomura, E. Nitanai, and T. Numata, “Design of Reference Pattern and
Input Phase Mask for Coaxial Holographic Memory,” International Symposium on
Optical Memory 2010 (ISOM’10) Technical Digest, pp. 146–147 (2010).
2) Y. Saita, T. Iwamoto, and T. Nomura, “Design and Verification of Input Phase
Mask Suitable for Page Data for Coaxial Holographic Memory,” International
Symposium on Optical Memory 2013 (ISOM’13) Technical Digest, pp. 120–121
(2013).
3) T. Nomura and Y. Saita, “Coaxial Holographic Memory with Spatially Modulated
Lightwaves,” International Symposium on Optical Memory 2014 (ISOM’14) Tech-
nical Digest, pp. 32–33 (2014).
4) Y. Saita and T. Nomura, “Phase Gradient Coding and its Detection Method
for Holographic Data Storage,” International Symposium on Optical Memory
2014 (ISOM’14) Technical Digest, pp. 38–39 (2014).
5) Y. Saita, H. Shinto, and T. Nomura, “Wavefront measurement with Large Dynamic
– 81 –
Range Using Holographic Shack-Hartmann wavefront sensor,” 14th Workshop on
Information Optics (WIO2015) Conference Program & Technical Digest, Th-P3
(2015).
6) Y. Saita and T. Nomura, “Speckle Multiplexed Recording of Phase Gradient Coded
Data in Coaxial Holographic Data Storage,” International Symposium on Optical
Memory 2015 (ISOM’15) Technical Digest, pp. 112-113 (2015).
7) H. Shinto, Y. Saita, and T. Nomura, “Expansion of dynamic range in Shack-
Hartmann wavefront sensor using dual microlens array,” SPIE/OSJ Biophotonics
Japan 2015 Technical Summaries, p. 9792-48 (2015).
8) K. Masuda, Y. Saita, R. Toritani, P. Xia, K. Nitta, and O. Matoba, “Improvement of
Image Quality of Three-dimensional Display Using a Binary Phase Distribution,”





????? Optics & Photonics Japan 2013?????, 14pE4 (2013).
2) ????, ????, “??????????????????? Shack-
Hartmann?????????????????????,”? 61??????
?????????????, p. 03-099 (2014).
3) ????,????, “??????????????????????????
??????,”? 19??????????????????????????
?, pp. 5–8 (2014).
4) ????, ????, “??????????????????? Shack-
Hartmann??????????????????,”? 75?????????
??????????, p. 03-271 (2014).
5) ????,????,????, “?????????????????????
??????? Shack-Hartmann??????,”? 75???????????
????????, p. 03-317 (2014).
6) ????, ????, “?????????????????????????
– 82 –
???????????,”????? (??????)??????? Optics &
Photonics Japan 2014?????, 7pE10 (2014).
7) ????,????,????, “?????????????????????




? 62???????????????????, p. 04-452 (2015).
9) ????,????,????, “?????????????????????
?????????????? Shack-Hartmann??????,”? 62????
???????????????, p. 04-574 (2015).
10) ????, ????, ????, “????????????????????
???????,”? 21?????????????????????????
??, pp. 14–19 (2015).
11) ????,????,????, “?????????????????????
?????????????? Shack-Hartmann ?????????????
?????????????,” ? 76 ??????????????????
?, p. 03-374 (2015).
12) ????,????,????, “?????????????????????
??? Shack-Hartmann ????????????,” ???????????
































神戸大学博士論文「機能性位相変調パターンの光学的応用に関する研究」全 87頁  
提 出 日 2016年 1月 21日 
本博士論文が神戸大学機関リポジトリ Kernel にて掲載される場合、掲載登録日（公開
日）はリポジトリの該当ページ上に掲載されます。 
© 最田 裕介 
本論文の内容の一部あるいは全部を無断で複製・転載・翻訳することを禁じます。 
